Calculate Z statistic

Ny g = 145,629 installation orders o g = 1.40621

Nerpe = 371 installation orders
STEP #2:
Opirr = Oqee” SACt[1/ ny g+ 1/ngy gl

= 1.40621* sqrt[1/145,629 + 1/571] = 0.05896

STEP #3:

Z.= DIFF/ 6y = 0.57228 / 0.05896 = 9.71




Compare to Critical Z

- Number of |

Z=9.71 Performance |

' o Tests [
Since there were 38 2 0 .96
3 0 2.12
submeasures for XYZ ; 5 73
in Illinois 5 0 2.32
. 6 0 2.39
reported this month*, 7 0 244
- _ 8 1 1.69
Critical Z = 1.68 s : L
10-19 1 1.79
20-29 2 1.73
Since 9.71 > 1.68, 30-39 3 1.68
40-49 3 1.81
Test fails!! 50-59 4 1.75
, 60-69 ) 1.70

* Includes only measures eligible for remedies with at least 10 data points.
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Affidavit of Dr. Colin L. Mallows

Colin L. Mallows, being duly sworn, deposes and says:

1. I am a Techneology Censultant at AT&T Lzboratories.
I mzke this affidavit in svpport of AT&T's comments
regardinq the use of statistical methods to determine
whether incumbent local exchange carriers (“ILECs”) are
providing nendiscriminatory, i.e., parity, service to
cempeting carriers (“CLECs”). I understand this is a
reqguirement of law under Section 251 ¢f the
Telecomminications Act of 1926 (“Act”).

Qualifications

2. I have been a professicnal statistician for nearly
45 years. 1 obtained a B.Sc. in Mathematics in 1921 and a
Ph.D. in Statistics in 19853, both from University College,
London. After two years in the British Army I beczme a

lecturer at University College in the area of statistics.

Since 1860, I have been employed at AT&T (formerly Bell)




Leboratories, becoming Kead of the Statistical Models and
Methods Research Department in 1969. I relinguished that
<itle in 1886, ¥Yrom 1960 through 1964, I was also an
adjunct essoclzte professor at Columbia University, teéching
courses in statistical analysis.

3. I am a Fellow of the American Statistical
Asscclation (“ASA"), and I served as an associate editor of
Jeurnal of the American Statistical Association from 13966 %o
187., &nd zgain from 196€-19B9. I azm also a Fellow of the
Institite of Mathematicel Statistics (M“IMS"), and an elected
rember of the Internationel Statistical Institute. I was
twice elected to the Council of IMS, and have served cn
variosus committees of the IMS and ASA. In 1987 I wes

nenered by being named TFisher Lecturer at the Joint

Statisticel Meetings held by the ASA, IMS, the Internztional
Eiometric Society and the Statistical Scciety of Canada.
4. I heve published cover 100 papers, with a lzarge

number ¢f ce-authors, in a variety of journals. My name is
attached “o several well-known statistical technicgues,
including the Cp-plot for selecting regressicn variables,
the phi-model for analysis of ranking data, and a weighting
scheme for robust linear regression. My professicnal

interests include foundaticns, data znalysis, statistical

craphics, time series, robustness, software reliability,




mcment-problems and Chebychev inequalities, combinatorics
and ccding theory.

Introduction

. I have reviewed the Commissicn’s Notice of
Proposed Rulemzking (“Notice”) in thils proceeding, focusing
on its discussion of the use of statistical analysis as a
means of determining whether ILECs are providing parity
service to new competitors. The Notice (1 34) is clearly
ccrrect that “reporting averzges of performance measurements

izne, without further analysis, may not revezl whether

o

o

here are underlying differences in the way incurbent LECs

rt

treat their own retzil operations in relation to the way
they treat competing carriers.” Thus, it properly prcposes
tc reguire the use of statistical tests to determine whether
mezsured differences in average ILEC perfcrmaznce for
themselves and competitors “represent true differences in
cehavicr rather than randem chance.”

6. As the Commission is aware, AT&T has supported the
use of statistical tests to determine whether an ILEC has
met its statutory obligatiocns. Ezarlier this year, ATaT
provided the Ccmmission with a con&ept for applying
statistical analysis to ILEC performance measurements.’' The

ET&T Statistical Ex Parte provided a methodology, given the

perte letter from Frank S. Simcne, ATE&T to Magalie .

L

, FCC, CC Docket No. 96-98, RMS101, dated
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y 3, 1298 ("AT&T Statistical Ex Parte”).




" presence of random errcr, to determine if an ILEC has
complied with its statutory cbligations when it reports
results of nunerous individual parity mezsurements, some of
which show “worse” results for CLECs than for the ILEC.®

7. AT&T's Statistical Ex Parte correctly recognized
that each of the individual tests of ILEC perfcrmance
contalned statistical Type I error. Thus, it is approprizte
to use a Type I error concept when reviewing the ILEC’Ss
carity ~ests in the.aggregate to determine whether the ILEC
has met its nondiscrimination obligaztions. ATET's
Staztistical Ex Parte thus described the use ¢f a three-par:
analysis to determine whether ILEC mezsurements and reported
results, when viewed in the aggregate, represent
nendiscriminatory performance.’

8. Since that time, I have been asked to review and
comment upon AT&T's Statisticazl Ex 'Parte and provide

zddizicneal insight on the use of statistical tests in this

- Since most of the measurements for these purposes are
mezsurements of time, a “worse” result for a CLEC is usually
a larger value, e.g., a 5-day installation interval for a
CLEC is worse than a 3-day interval for the ILEC.

3 AT&T’'s propesal recommended establishment of separate
thresholds for: (1) the maximum number c¢f “failures” on a
monthly report that could reascnably represent mere
randcmness resulting from the measurement process rather
+rhan disparity of performance; (2) repeated failures on
specific performance measurements in ceonsecutive months; and
{3) meazsurements showing extreme differences in average
performence for the ILZEC and CLECs. 1Id., p. 3.




context., As described in Section I below, the more detailed
s;atistical methodology that is proposed here requires cnly
a two-part anelysis and provides the ILECs with more leeway
than the original ATST proposal. Nevertheless, I believe
that it provides a valid statistical coﬁparison of the
ILECs’ actual performance for itself and CLECs.

Summary of Testimony

9. Specifically, my testimony below shows that AT&T's

L]

cpesed methodology satisfies the Ceommission’s desire to

K¢

gssure that reported differences in ILEC performance are
statisticzlly mezningful. With respect to individual tests

of ILEC periormance, there are three key components in
develoring zn appropriate statistical methodolegy. Tirst,
the modified z-statistic preopesed by LCUG provides an

priate test statistic to determine whether there are

1]
‘g
‘o

LA

s}

sigrnificant differences in the mean and the variance £ zan
ILEC's performance for itself and for CLECs. Second, a cne-

tziled test with Type I error held at the 5% level strikes a

H.
)
‘J.
-
tyr

elance between the need to account for both Type I and
Tvee II errors. Third, the t-distributicn provides a useful.
basis for calculating the critical value for individual
tests of ILEC performance, which is used to determine

whether CLECs have been given equal treatment by the ILEC.

Moreover, in those cases where the gizes of the ILEC and




easurements, from which the cbserved measurements zare
essumed to be drawn. We cannot observe these populations,
and must base our test procedures on the cbserved samples.
If the null hypethesis is accepted through the use of the
chosen tests, then any differences in the ILEC’s performance
results for itself and the CLEC are ceemed “statistically
insigrificant,” and parity can be assumed,

13. All such statistical tests have three components.

irst, the test designer must select a test statistic, which

L15]

Zormula that preduces a single number summarizing the

&

)
in

observed ILEC and CLEC data. . Next, an acceptazble Type I

errcr probebility must be adopted. The error probebility

£y

represents the test designer’s tolerance for falsely
rejecting piarity when it exists (Type I error is discussed
in Section I.B below). ©Tinally, the test designer must
derive, Irom prebability theory or known data, the

robebility distribution of the test statistic, describing

the verigbility of perfcrmznce under the null hypothesis.

14. Once these components are established, the test
designer can determine (usually from a statistical table) a
“critical value” agzinst which te compare the computed wvalue
0f the test statistic that is based on the actusl results.
If the test statistic is less than the critical value, it

caen be inferred that the ILEC’s performance has “passed” the

test cof parity. 1If, however, the computed test statistic is




éréater than the critical value, the ILEC’s performance is
judged to be neot at parity, and the ILEC has “failed” the
perity test for that measurement. The relationship between
the performance distribution under the null hypothesis and

the critical value is demonstrated graphically below.

Probability density of Crtical Value

= Z. assumang the
z pantv hvpothesis This area represents the
2 probability of a Type ] error
=
.:g
]
€

0 Test statistic, £ ——»

A. Test Statistic: The Commissicon Should Use The
Modified Z-Statistic Recommended By LCUG.

15. The modified z-statistic recommended by the Local
Competition Users Group (“LCUG”) is an excellent choice of
test statistic in these circumstances. The “z-statistic” is

a standard test statistic.' It is used to determine if the

3 The formula for the z-statistic (also called the t-
statistic), for the case where the observations are of
measurements rather than proportions or rates, 1is




average results (or means) drawn from twe separate
performance szmples (here the menthly ILEC performance data
for itself and CLECs) have population means that are équal.’
Thus, the standard 2-statistic formula can determine
whether, based on the reported results, the ILEC’'s average
performaence for itself and for CLECs is the same.

16. However, it is not encugh to test for a difference
in mezns alcne. 1In order to optain parity, CLECs are
entitled to service from the ILEC that produces both the
same mean performance and also the same variance in

performance.” The z-statistic, in its standard form, is not

where X (resp.¥) is the average of the ILEC (resp. CLEC)
measurenents, m (resp. n) i1s the number of these
measurements, and S is & mezsure of the scale ¢of wvariation
0f these mezssurements. The usual situation is that the
stetisticzl test is designed to detect a difference in the
ticr means of the ILEC and CLEC measurements, assuming
the populaticn variances to be equal. 1In this case the
standard cheice for S° is
(m=DS% e + (n- DS’ cree
m+n-12

S =S-pm11d =

: Similar statistics can also be used to detect
differences in proportions and rates.

: The Commission also recognizes that it would be
discriminatery if the ILEC has the same mean performance
time for itself and CLECs but the variability of its
performance for CLECs is greater {see Notice, 2ppx. B, 9 4
(“variability of response times . . . may affect the
competitiveness of a competing carrier but may not be
reflected in a comparison of average response times”)). For
exzmple, CLECs would be at a commercial disadvantage if ILEC
retail customers could zlways rely on an installation pericd
cf 4 dzys while installation dates for CLECs ranged from 2-6

L

days cr more.




cesigned to detect differences in variance between CLEC and
ILEC performance.

17. In order to create a single test that can account
for both of these factors, LCUG proposes a modification that
will make the statistical test have therpower to detect
whether the ILEC’s variance in its pe}formance for CLECs is
greazter than the variance in its performance for itself.
Specifically, LCUG proposes to use the ILEC variance, rathe

than the “pocled” variznce, in calculating the z-statistic.

v

propesal is bzsed on well-supported statistical testing

b
=i

n

crinciples znd combines the power cof tests of means and
tests of variance. Thus, if the test proposed by LCUG is
used, there would be no need to develop & separate test of
the equality of variances.?

1B. Use of the LCUG modified z~statistic, rather than

.the more conventional form that uses a “pooled” variance, is

i

cprepriate here beczuse the problem here is different from

The LCUG proposal is to use $°=S%.... The resulting
test statistic has the same distribution theory as the
conventional cone {using §° peoiea) €XCept for changing the
“degrees of freedom” from m+n~2 to m-1. The effect of this
change will be small if the parity hypothesis holds, since
2s the incumbent monopolist, the ILEC sample is likely to be
much larger that the CLEC sample.

? See Notice, Appx. B, ¥ 4. It should also be noted that
the use of sepzrate tests for differences in averages and
differences in variance would reduce the power of ezch
separzte test. Thus, it is preferzble to use a sincle test .
that is sensitive to cases where both the mean anc ariance
can lncrezase.




Ehat eddressed in the standard texts. In the standard
develcpment, it is assumed that if the null hypothesis
fails, it is only because the population means are
different; the population variances are assumed to stay
egqual. This assumption is nct appropriate here, beczuse an
increase in the CLEC variance would be a viclaticn of
parity, and the test should be able to detect it.’

19. As-described above, the dencominator of the feormula

~he zZ-statistic reguires use cof a figure for variance.

Contrary to the suggesticn of some ILECs,® the most

n
e ]

eppropriate varisnce te use in this case is the variznce of
the ILEC’s performance for itself during the reporting
period. This sazmple variance is the best available estimate
cf the variznce of the ILEC process. Moreover, the entire
purpose 0f the examinaticn is to determine whether the ILEC

is providing CLECs at least the same level of service as it

provides to itself znd its retail customers. Thus, for this

g nother standzrd form of the z-statistic is designed
for the case where the two population veriances may differ
even under the null hypothesis.. In this case one replaces

(_1_+l)5,, by S?uee . S?erec
m n m n

This form of the statistic ii inappropriate here since under
the parity hypothesis the two population variances are
equal. Use of this form would reduce the probability of
detecting vicolations of parity.

I am informed that some BOCs have suggested that the
variznce used in the formulz should be based solely on the
iance experienced by the CLECs, and others have suggested

tvse cf <he potled variance.




purpcse, variance in the ILEC’'s performance is the standard
egainst which the performance for CLECs should be measured.

B. The Error Prcbability Should Be Based On A One-
Tailed Test With Type I Error At No More Than The
5% Level.

20. In determining an appropriate Type I error
probability for the statistical test, it is important to
recognize that any probability rate above 0% means that the
statistical test will produce errors.'® It is also
impcrtant to understand that there are two distinct types of
testing erreors. “Type I” errors occur when a statistical
test shows that two sets of results (here for the ILEC and
CLEC} are inconsistent with the null hypothesis (i.e., are
not in parity) when in fact the null hypothesis is true.
“Type II” errors are the copposite. They occur when a
statistical test indicates that the outcomes are in parity,
but parity does neot in fact exist. Both 'types of errors are
pcssible.

21. There are two "“tails” to Type I errors, but the.
Noctice (Appx. B, n.3) correctly noctes that only one is
pertinent here: errors relating to cazses in which the ILEC’s
performznce for CLECs is worse than its performance for
itself, Under the Commission’s rules, CLECs are entitled to
performance that is “at least equzl” to the performance the

ILEC provides to itself. Those rules are not cencerned with

AT&T Statistical Ex Parte, p. B-l.




cases where, unintentionally, the ILEC provides CLECs with a
level of performance that is better than the performance it
provides to itself.’* Thus, the Commission’s rules
themselves argue for & one-tailed test.

22. It should also be recognized that Type II errors
are zs8 real as Type I errors. Thus,lthere may be cases in
which the IL?C is not in fact providing equal service to

LIZICs, but purely by chence the statistical test fails te

(R)
?
M

reject tThe parity hypcthesis., Thus, it is necessary to
strike & belance between the two types of errors. If we
choese to meke the Type I error small, then the Type 1I
error will be large; and conversely. ATE&T proposes to set
the Type 1 error &t no more than the conventional level of
5%. This controls the frequency of fzlse zlarms to be =zt
most 5% while making the probability of Type II errors smzll
for viclations that are of substanti;l size. Using a one-

tailed test for Type I error at about the 5% level thus

srrikes a reasonable balance.*?

- I am also informed that CLECs are not entitled to
demand performznce better than the ILEC provides to itself.
Thus, there is no rezson to believe that ILECs would
intentionally provide their competitors with a higher grade
of service than they provide to themselves and their retail
custcmers. .

or gene
ET&T Stati

aer
atistic

al infermetion supperting the 5% level, see
al Ex Farte, pp. B-1-B-2.
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c. Prebability Distribution Should Be Based On The
T Distribution Or A Permutaticon Distribution
Analvsis.

23. For mecderate or

§—at

arge sample sizes, it is
appropriate to use the Student t (or “t”) distribution to
determine the critical value for the test. Use of this
distribution, which is readily availgble in table form, is
simple and straightforward and will produce statistically
religble results.

24. The published tables of critical values, using the
t~distributiocn, are based on the zassumption that the two
pepulatizns (of ILEC and CLEC measurements) are exactly
Normal. 1In practice, we will not have Normal distributions,
zand so these critical values are only epproximations. There
hes been much debate 2s to the minimum sample sizes for
which the tabulated vazlues become aéceptable zpproximations:
numbers such as 10 or 30 have been suggested. But this must
depend on the shape of the probability density function'® of
the peopuleticns, becazuse there exist‘populations for which
the zpproximation will never be adequate, even for very
large sample sizes. 1In advance of reviewing the actual
cdata, it is impossible to say for what size samples th-
tzbulated values will be acceptable. Nevertheless, assumin

that very large values of the cobservations do not occur and

the porulations have zpproXimately symmetrical probabilit:

- See the graph in 914 of these comments for an exzmple
cf a preobebility density Zunction.




density functions, I would guess that the tzbulated values
would be acceptzble, provided that both the ILEC and CLEC
samples have at least 10 members. Thus, the issue of sample
size should nct generally be a problem.

25. There is an alternative method for developing the
prcbability distribution of the test statistic that can be
used with smaller szmple sizes.’® Under this method, calied
the permutatibn distribution, the probability distributiosn
is generated threough use of the actual sample results,
rather than & preexisting tablie. CGiven two samples, X’s and
Y's from ILEC and CLEC respectively, we combine these into
cne pecol and then divide this into two sets X* and Y* in all
possible ways. For each way, we calculate the corresponding
z-score, say z*. This gives vs a distribution of z+ valﬁes,
each of which is egually likely under the null hypothesis
that the ILEC is treating customers impartially. Given the
desirec Type I error rate, we can rezd off the aprroprizte
critizal value znd compare this with the observed value.

26. For example, if the data are

3 ILEC observations: ¥=1, X=2, X={4
2 CLEC observaticns: Y¥Y=3 and Y=5

E This method will provide reliable results for zny

le size, but the use of the t-distribution and the
socizted tazble is simpler for a2ll but very small sample
1 zes

15




.éhen the pooled set is (1,2,3,4,5) and there are 10 ways we
can assign these five observations to the ILEC and CLEC
searnples. We get 10 values of z:

-2.74 -1.20 -0.60 -0.44 D.00 0.00 0.44 0.60 1.20 2.74
and the %% critical value is 2.74. The actual observed
value is 1.20, and so is judged tc be not significant (i.e.,
we accept the null hypothesis).

27, This test procedure is valid irrespective of the
form cof the ﬁopulation distribution, since it depends only
on the assumpiion that each possible permutation is egqualiy
likely under the null hypothesis.’® The method can be used
whenever the sample sizes are large enough to make the test

statistic well defined, in the present case even for m=2,

28. The permutation distributicn would be developed
through the use of & computer program that would enumerate
the sanrnples necessary to generate the distribution. I wrote
e proerenm to perform this function in a commercially

zvailable program language called S Plus in cne~-hzalf hour.

Thus, I believe that a suitable program could be developed

*

See, e.dg., Cox and Hinkley, Thecretical Statistics

{1874) {(paperback edition Chzpman and Hall, 1879), pp. 1B2-
184; H. Scheffe, The Enalysis of Variznce (1959) John Wiley,
& Sons, Section 8.3; P. Good, Permutation Tests (:854)
Seringer

16




promptly for use by the entire ILEC industry at minimal
cost .

28. A resource issue relating to the use of the

permutation distributicn is the time needed to generate

results. Unless the sample sizes are very small, the number

of permutations to be generated is extremely large.*? 1In

crder to deal with this problem, it would be reasonable to

random sample of possible permutaticons to approximate.

the distribution. Tfor example, if the number of possible

ermutations in e particular cise exceeds 1000, the progranm

could be desligned to zppreximate the permutation probability

distribution by randecmly selecting 1000 permutations and

constructing the distribution froem theose data. Because

ccmputers can perform calculations such as this with

remarkaeble speed, the distribution for any measuremen

cetegery could be ascertained within a few seconds.®’

The Cytel Software Corporztion of 675 Massachusetts
Avenue, Cambridge, MA, maerkets a product called StatXact
which has the cepebility of performing permutation tests.
-8 If m=10, n=5, there are 3003 permutaticns; if m=20,
n=10, there are over 30 million.

-3 The Notice (AppX. B, n.5) raises another interesting
possibility for a statistical analysis of individual
perfcrmence measurements, i.e., comparing the proportions of
two samples that exceed some fixed value. AT&T is studying
a variation of this concept, in which the fixed value is not
specified in eadvance, but is determined from the ILEC szmple
itself. We use the upper 90% quantile of the ILEC sampie tO
deternine the level of service that the ILEC is providing
for S0% of its customers and then meesure what percentage of

CLEC customers receive at least that level of service. The

37




D. ILECs’ Compliance With Their Nondiscriminatien
Cbligations Should Be Based On An Aggregate
Assessment Of Parity.

30. One cf the key concepts in the AT&T Statistical Ex
Parte is that it is also appropriate to use statistical
analysis to review the aggregate results of an ILEC'S
performance to determine whether it is in compliance wifh
its nonrdiscrimination obligations. 1If we apply a large
nutber, sevefal rundred perhaps, cf tests of individual
performance megsurement compariscns, each teﬁt having a Typé
I error rate of 3%, then we would expect, on average, about
5% of these tests to indicate non-compliance even whern the
ILEC is actually fully in compliance. Thus the faﬁt that
this many tests indicate non-compliance does not give
conclusive evidence that the ILEC is not in compliance with
its Section 251 nondiscrimination obligations. The number
of tests that errcnecusly indicate non-parity will vary

randemly ebout this average number. We need to derive scme

“perity” hypothesis is rejected if the fraction of CLEC
customers receiving that level of service is much smaller
than the percentage of ILEC custcmers receiving such
service. (For example, if the ILEC ccmpletes repairs on a
specific service for 90% of its customers within 48 hours,
perity is not achieved if the ILEC complete repairs for much
less than 80% of CLEC customers within that amount of time.)
This test procedure 1is non-parametric, i.e., it does not
require any assumptions beyond the basic one that under the
null hypothesis CLECs receilve egual treatment to the ILEC.
This methodology only zpplies, however, to the review of
individuel perforrmance tests. It does not address the need
to develop a method to review ILEC performance in the
zggregate.




,thresbcld number of faziled parity tests such that if more
_than this number are observed to fail, then non-compliance
zzn be deduced; This threshold number of tests must be
determinred in such a way as to control the probability of an
cverall, or aggregate, Type 1 error at 5%. Furthermore, 1I
also récommend thzt any review of an‘ILEC's compliance with
its nendiscrimination obligation should be based on two

dimensicns ¢f statistical comparisons, both of which must be

n

ctisfied.”” The twc dimensions of statistical comparisons

»

]

w

(8) the number of tests that fail in any moenthly period

must not be too large, and

(b} the number of tests that fail for three consecutive

months must net be too large.
Here, “too large” must be determined by consideration of the
tetzl number of individual tests and the desired overall
Type I errcr rate.

31, TFeor the first dimension, we must determine how
reny of the individual measurements subjected to the above
compariscn tests need to demonstrate non-parity before an

ILIC may be found to be in overzll violation of its

o The AT&T Statistical Ex Parte suggested that a third
dimension also be considered, namely imposing a bound on the
rumber of individuzl tests that exhibit extreme violations.
I now judge that imposing this additional constraint does
nct previde much additional power for detecting extreme
viclations, and in fact reduces the chance of detecting scme
mcre moderate violaztions. -




statutory duty. Suppcse we have made N individual tests,
each having a 5% Type I error rate, and have found that K-
of them indicate non-compliance. If K is approximately .05
times N, we have no conclusive evidence of overall non-
compliznce. Under the assumption that the ILEC is in
complience, we can determine a number k. such that the
probability that K. exceeds k. is 5&.°*

32. The second dimension, i.e., the number of

measurements Iailing the test repeatedly, is necessary to

svere that the ILEC failures are indeed random. Withourt

I\
"

1is dimension, the ILEC might be able to “game” the process

o

and produce repeatedly discriminatory results on meazsures
that are critical to one or more competitors. Thus, for
this dimension, we must determine hew many individual
mezsurements in an ILEC report may be allowed to fail the
parity test in three successive months before finding that
the ILEC has failed to provide parity.

33. Suppose we have made N individual tests for ezch
cf three menths, each test having a Type I error of 5%. Let

K- be the number of tests that have failed in all three

L]

months. The preobability that any individual test fails in

o This computation assumes that under the null
hvpothesis, the number K; has a binomial distribution with
expenent N, i.e., it is as though we had tcssed N coins,
ezch with a probability of coming down “heads”, znd have
ccunted how many “heads” sppear., Then we claim non-
cempliance 1f K; exceeds k.




all three months, assuming that the ILEC is in compliance
with its nondiscrimination obligatien, is {.05)% or 1/8000.
Thus the expected number that fazil in all three months,
gssuming compliance, is N/B000. Given that the number of
monthly tests will be well below 8000, noncompliance should
be found i1f K: is not zero. 1In other words, the allowed
number of three-time-failing tests is k:=0.

34. I1I we zpply both of these overall procedures

simultaneously, the actual overzll Tyvpe I error rate is a

th
[a}
-t
'_F

unction of three things: the Type I error rates of the
individual tests, which I call a., the number k. of allowed
individual failures, and the number k: of allowed three~-time
fzailures. These three numbers can be determined so that the
Type 1 error rate of the overall procedure 1s exactly 5% (cr
whetever cther value is required). Details of this

ccmputation are given in Exhibit 1.

I1I. BellSocuth’s Prcposed Methodeology Is Unsuited To
Measure Parity And Should Be Rejected.

35. The Notice (Rppx. B, 9§ 7) alsoc solicits comments
on the methodoiogy proposed by BellSouth, which is based on
the use of statistical process contreol. This approzach is
not suitable to measure parity between ILECs and CLECs and
should be rejected.

36. BellSouth has proposed three kinds of control

s. In the first, described in the Notice (Eppx. B,

w
ot




'f €), éellSouth mainteins its own monthly results
(presu@ably for each type of mezsurement) on & controel
chart. Three-sigma limits are estzblished by reference to
BellSouth’s historical record. Then, each month, results
for the CLEC are plotted on the same chart, and parity is
claimed if these values do not fall outside the limits.
37. A second proposal appears in BellSouth’s Tennesses
" Section 271 proceeding (see memo from David Laney to Willism
Stacy, attachéd to the rebu:tal‘testimony of William N.
Stacy, TRA Docket 87-00309, Zxhibit WNSPM-2). Here the
propcsal is to plot values of the varizkle DIFF=(CLEC value
- ILEC value) con a control chart, with limits set at +/-
2.66 times the average moving range of size two.
38. A third proposzl zlso zppears in the szme deocument
from BellSouth’s Ternessee Section 271 proceeding. Here it
is propcsed to compute z-scores, but using the process
standard deviation in the denominator rather than the
within-menth ILEC sample variznce as AT&T recommends. This
process standard deviaticn is the average moving range
{presumably of size two) divided by 1.128.
39. Each of these proposzls has serious deficiencies,

the most serious being that statistical process control is

not designed to measure differences in parity. Rather, this

technique is used to measure stability in performance.

Stability of ILEC processes is of course an important




concept, because the over;ll relizbility of the syséems used
to serve CLECs is essential to determining whether an ILEC
hezs met its duties under Section 251 of the Act. However,
it is irrelevant in determining whether an ILEC’s

performance for itself is at parity with the performsnce it

provides to others, i.e., CLECs. The ILEC’s performance
could be stable, with parity not provided, or unstable with
parity being provided. Stability and parity are distinc:tly
different ccncepts.

40. Arother shcricoming of eazch of the three BellSouth
rroposals is that no allowance is made for the fact that the
number ¢ observations that contribute to each averzge may
change Irom month to month. This makes the use of moving
rznges invelid measurements of variability. Also, the
number c¢I observations in the CLEC sample is very unlikely
to eguél the number in the ILEC sample. Thus the ILEC and
CLEC averzges will net have the same variances, even
assuming parity, and so should not be compared to the sane
control limits, as the first proposal suggests.

41. If control limits for the quantity DIFF were to be
set using the process varizability of th}s guantity, as in
the second and third proposals, some consistent violations
of parity could completely avoid detection. Namely, 1f fer

zny reason the CLEC measurements were consistently more

vazriable than the TLEC measurements (which would imply theat




many CLEC customers were getting poorer service), then this
variability would be included in setting the control limits,
and lack of parity would not be detected.

42. Further, use of separate control charts for each
of the many types of measurement leaves open the question of
how an overall judgement of compliance should be arrived at.
BellScuth has not addressed this issue.

Cenclusion

43. In summary, my testimony shows that ATaT's
cropcsed methedology satisfies the Commission’s desire to
assure that reported differences in ILEC performance are
stetistically meaningful.

44, With respect to individual tests of ILEC
performance, there are three key components in developing en
eaprropriate statistical methodelogy. First, the modified z-
stati:.ic prcposed by LCUG provides an sppropriate, test
statistic to determine whether there are significant
differences in the mean and the variance of an ILEC's
performence for itself and for CLECs. Second, a one-tailed
test with Type I error at about the 5% level strikes a fair -
balance between the need to account for both Type 1 and Type
11 errors. Third, the t-distributicn provides a useful

basis for calculating the critical value for individual

tests of ILEC perfeormance. Moreover, in those few cases
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where the size of the ILEC sample is small, use of the
permutation distribution will provide valid results.

45. It is also aprropriate to aggregate the results of
individual tests to determine whether the ILEC is in overall
cempliance with its duty to provide neondiscriminatory
treatment to CLECs. This should be done through the use cf
a two-part analysis that sets limits on the number of
individual tésts that feil to demcnstrate parity in any
given mcnth and on the nurmber cf individual tests that fail\
in three consecutive months. These limits can be determired
in suzh a way that thé cverall Type I error is held at 5%,

4¢. Ffinally, the methodclogy suggested by BellScuth is
not designed to measure parity of performance between two
different porulations. Thus, it should not be used to
determine whether ILZCs have met their legal duty to provide

CILECs with parity service.

L s

Colin L. Mallows

Sworn to before me this
25" day of May, 1998

Nctary Public

My Cormission expires 37%%2&051
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Exhibit 1

Statistical Definition of the Compliance Rule for 1LEC
Parity

The number k, of allowed individual violations, and the Type

I error of each of the individual tests®, a;, are determined
so that the probability of falsely claiming overall
-+ :lz-icn ir contrclled at a known level®®, which we call a.

Suppose we are aggregating N individual tests. Let K, be
the number of these tests that indicate violations this -
month, and let K. be the number of tests that have shown
viclations in each of the past three months. Our proposed
procedure is to claim overall violation if either (i} K;
exceeds some number k,, or {ii) K. exceeds zerc. We show

how k. and the type I error a, of each individual test can
be determined so that the Type I error of the overall

procedure is held at scme desired level a.

To determine k; and a, when we know N, (the number of tests

to be aggregated), and a, we proceed as follows.
Throughout this calculation, we are assuming that the ILEC
is fully in compliance, so that for each individual test the

probability of (falsely) indicating non-parity is o,.

a) Choose & tentative value for a,. We start with oa.= .
This value of oy will be .adjusted .:downwards) later.

b) Determine k; to be the largest number such that the
probability that the overall procedure indicates violation®
(s greater than a.

¢} Decrease o, until the probability of overall violation
using the wvalue of %, that was determined in step b), is

exactly a.

@ Also referred to as the size of the individual test.
2 Also referred to as the size of the overall aggregated
test.

2 This probability is: 1 - (1 - o,)® * P(k, N, p)} where
P(,,) is the cumulative probability of the binomial
distribution. That is, P(k, N, p) is the probability
that the number of false parity test failures is <= k
when the probability of an individual false parity test

failure is p, and where p = (oy-a,"}/ (1 - o).




The resulting value <. @; (and the corrcsponding critical
value on the z-score scale) is to be used in each of the
individual tests. Then non-compliance is indicated if any
series fails the test in three successive months, or if more

than k, fail in any single month.

The following table piovides an example of how k, is

determined for the values N = 100 and ¢« = 5%. As shown,
the value of k; = 8 is the largest value oi a that
corresponds to a probability of no less than 5% of being
exceeded. In this case, the prcobability of claiming an
overall violation is 7.40%.

Table 1

Determination of k, for N=100, o= 5%

k Prob{K.>k, K.>0} =1 - (1 -
CI.}SJN * P(k; N, P)
38.95%
24.17%
13.76%
7.40% € select this k
for v

0| ~Jf "} n

e 3.99%
17 2.36%

e
. 1y

The next step is to iteratively decrease a; and recompute
the overall probability of vieclation, with k; held at 8,

until we arrive at a value for oy for which this probability
is .05, In this case, that value of a, is .04601.

Now we can use the t-tables (or permutation distribution
calculations) to determine the appropriate critical values
for each individual test. The following Table 2 provides

ki, ay, and critical values (assuming large sample sizes for
each test) for @ = .05 and a number of values of N.




Table 2

Determination of k, and a: for a range of N
where k; satisfies 1 ~ (1 - )" * P(k;, N, p}=.05

N k, k, as a % of o Critical Value
N {c}
70 6 8.57% . 0465 1.6803
8c - 7 50% .N40R 1.7411
90 1 7.78% .0437 1.7096
100 8 B.00% .0460 1.6849
120 9 7.50% .0442 1.7038
140 i0 7.14% L0430 1.7176
160 12 7.50% L0482 1.6825
180 13 7.22% .0452 1.6837
200 14 7.00% .0443 1.702
250 17 6.80% .04 1.7048
300 20 6.67% -0440 '1.7060
400D 26 6.50% . 0437 1.70985
500 32 6.40% .0431 1.7155
600 KH] 6.33¢% .0423 1.7247
700 44 6.29% L0412 1.7374
800 49 6.13% . 0397 1.7543
sQe 55 6.11% L0384 1.7696
1¢00 60 6.00% L0371 1.7851
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Assessment of the OH/IN Stats Proposal and WI Appeal Marchi']f%ﬁi P

KPMG Consulting has been asked to provide an assessment of the Indiana & Ohio CLECs
Statistics Statement of Position (distributed to the Ohio and Indiana Collaborative
members) and the Petition for Rehearing or Reopening of the Wisconsin statistical order
(collectively the “ OH/IN/WI Request”). This assessment is presented below.

The OH/IN/WI Request:

1. Proposes commission-mandated implementation of suggestions that were not
agreed upon during the collaborative development process;

2. Does not reflect KPMG Consulting’s view of certain elements of Appendix C and
the Statistical White Paper in Wisconsin and the current proposed Appendix Cin
Ohio and Indiana;

3. Significantly alters the baseline project schedule;
4. Does not produce any significant improvement in the Evaluations.

The OH/IN/WI Request proposes comimnission-mandated implementation of
suggestions that were not agreed upon during the collaborative development process.

The respective state regulatory commission staffs, Ameritech and the CLECs have
collaborated for the past several months to develop and refine the statistical approach
described in the proposed Appendix C distributed to Collaborative members in Chio
{March 1, 2001) and Indiana (March 2, 2001), respectively, and Appendix C and the
Statistical White Paper in Wisconsint. KPMG Consulting participated in these
collaborative sessions consistent with its role as an independent third-party test
manager.

During the development of Appendix C in these states, Collaborative members
discussed suggestions of dual hypothesis testing, exchanging the null and alternative
hypotheses and the use of full sample sizes at all disaggregations or for select CLEC-
specified measures before the current version of Appendix C was produced. The
current version of Appendix C was refined to account for Collaborative participants’
concerns with some elements of the statistical approach described in the original version
of Appendix C. Items were addressed through updates to the original proposed version
of Appendix C and by development of the Statistical White Paper in Wisconsin, which
has been integrated into the current proposed Appendix C in Ohio and Indiana.
Essentially, the OH//N/WI Request appears to abandon Collaborative-driven
enhancements to the statistical methodology and advocates that state regulatory

!'The proposed Appendix C in Ohio and Indiana is a combination of the accepted Wisconsin
Appendix C and the Statistical White Paper. In total, each of these documents or sets of
documents describe exactly the same statistical approach. For the sake of simplicity, references to
the accepted Appendix C in Wisconsin throughout the remainder of this assessment implicitly
acknowledge the inclusion of the Wisconsin Statistical White Paper as part of Appendix C.

1
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commissions order the implementation of suggestions that were not acceptable to all
Collaborative parties.

The OH/IN/WI Request does not reflect KPMG Consulting’s view of certain elements
of Appendix C.

KPMG Consulting disagrees with the following points in the OH/AN/WI Request:
1) “The test’s statistical methodology employs incorrect hypotheses;”
2) “The statistical methodology does not balance error potential.”

Correctness of the Hypotheses. Appendix C relies on a Null Hypothesis of parity for
metrics that involve parity because parity is the only clear and easily definable
hypothesis. Additionally, in cases of identical, or supposedly identical, processes (such
as those involving parity measures), the logical methodology is to attempt to disprove
the Null Hypothesis of parity. As a result, these Evaluations are designed to focus on
testing for credible evidence of the absence of parity, rather than to “prove” the
existence of parity. Hence, the OH/IN/WJ Request incorrectly interprets the application
of the scientific method in this case.

Balancing of Error Potential. The OH/IN/WI Reguest asserts an imbalance between the
error rates set for Type I (false failure) and Type II (false pass). The OH/IN/WI Request
claims the concept of a Type Il error rate of 50% for disaggregations is “no more
scientific than a coin flip.” This assertion is tantamount to claiming that all statistical
tests are unscientific. Despite implicit claims to the contrary in the OH/IN/WI Reguest,
every standard statistical test of means has some level of disparity where the error rate is
50%.

Appendix C sets sample sizes to equate Type I and Type I error rates for each metric at
the aggregated level, for a level of disparity agreed upon at one point by Collaborative
participants. The Type I and Type Il error levels are set at 5% for specific “aggregated”
metrics in these states, The Type II error rate is set at 50% for this same level of disparity
for “disaggregated” metrics. Appendix C details the reasons for the error rates that
correspond to the particular level of disparity specified.

Despite the rationale provided in Appendix C, Type I and II error Jevels continue to be
the subject of great misunderstanding in this instance. Logically, if product
disaggregations exist within an aggregated metric, error rates for these disaggregations
need to be higher than for the aggregated metric itself because the sample size is
necessarily smaller. TypeIand Type Il errors could be equalized for all disaggregated
metrics. However, such activity would result in a much smaller Type Il error rate than
Type I error rate for aggregated metrics. Furthermore, this suggestion was raised and
rejected earlier in the collaborative process because it significantly increases the size of
the test beds, and therefore significantly increases the baseline project schedules.

.ﬁﬁﬁﬁ&msy!ﬁn‘q
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The OH/IN/WI Request significantly alters the baseline project schedule.

KPMG Consulting’s baseline project schedules for Wisconsin, Ohio and Indiana
{(currently under development) are predicated on the current version of Appendix C.
Exchanging the null and alternative hypotheses (as they are currently proposed) or
utilizing dual hypotheses will necessitate a substantial outward movement of the
baseline project schedules estimated at four to six months.

A null hypothesis that relies on the principle of equality (which is the case with the
current version of Appendix C) is elegantly simple and robust. Equality is, after all,
equality. There is no reason to establish the “level” at which equality exists for each test.
Thus, Appendix C, as accepted in Wisconsin and as proposed in Chio and Indiana, does
not require any additional development before testing can begin.

Exchanging the null and alternative hypotheses or engaging in dual hypothesis testing is
deceptively complicated. A null hypothesis predicated on disparity is much more
problematic because the level of disparity must be established for each and every test.
This determination is necessary because the effect of disparity, even measured in
standard units of variability (such as standard deviation), is likely to differ by product.
Additionally, Commission and Cellaborative guidance will be vital in establishing the
appropriate levels of disparity for the Ameritech products. KPMG Consulting could
recommend levels for each metric, but such proposals would involve an extended
analysis of Ohio, Indiana and Wisconsin data in advance of the test. Alternatively, it has
been suggested previously that one level of disparity as a function of standard deviation
should be employed for all tests. While this is convenient, the suggestion is unjustified.

Based on Master Test Plan and statistical methodology development cycles in Indiana,
Ohio and Wisconsin, the time required to perform data analysis and the likelihood of
debate regarding the appropriate levels of disparity, KPMG Consulting estimates that
the process of developing the appropriate levels of disparity could extend the baseline
project schedules from four to six months (since statistical methodology is a critical path
item). Additional unforeseen delays during testing, due to inexperience with this
methodology, are also possible. ‘

Likewise, dual hypothesis testing will be subject to the same estimated four to six month
schedule delays given the need to establish the levels of disparity for the second
hypothesis.

The OH/IN/WI Request does not produce any significant improvement in the
Evaluations.

The OH/IN/WI Request concludes that dual hypothesis testing is necessary, if
recommendations for exchanging the hypotheses and equalizing the risk of Type I and
Type 1l errors are not granted. As described previously, the concern regarding
balancing Type I and II errors for disaggregated measures is based on a statistical
interpretation with which KPMG Consulting does not agree and whose only redress was
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deemed yntenable for these Evaluations. Likewise, the exchange of hypotheses or use of
dual hypotheses is both statistically unnecessary and burdensome in the specific
instance of these OS5 evaluations. However, the request for additional analysis and
reporting of those analyses is well-grounded in certain instances.

To this end, the current version of Appendix C prescribes additional analysis and
reporting when sample sizes are not met or when other inconsistencies in the data or test
arise. This additional analysis and reporting was added to Appendix C during the
Collaborative’s development process to address specifically this request for such
activity, when necessary.

In summary, the statistical approach described in the current version of Appendix C has
evolved significantly as a result of KPMG Consulting’s testing experiences and the
multiple Collaborative sessions. Appendix C illustrates a statistical approach that is
sufficiently robust to yield meaningful results without adding time and cost to the
Ameritech OS5 Evaluations in Indiana, Ohio and Wisconsin.
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